ORIGINALLY ISSUED

April 1945 as
Memorendum Report I5D12a

TESTS OF 0.14-SCAIE MODELIS OF THE CORTROL SURFACES OF
ARMY PROJECT ME-511 IN ATTITUDES SIMULATING SPINS
By H. Page Hoggard, Jr. and Jobhn R. Bagexman

Langley Memoriel Aeromautical laboratory
langley Field, Va.

. “a
2 55 »
o A 4 o
-. - iy
P, B fia¥

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

foaron ¥R

L - 572




IIIIIIIIIIIIIIII|I|IIT'II||III||I

3 1176 01403 .
¥R No. L5D12a

" NATIONAL- ADVISOFY COVMMITTEE WOR AERONATUICS
MEMCRAMDUM REPORT '
e .. - for the:

Army Alr Fbrces, Air Technical Service COmmand
TESTS OF O 14-SCALE MODELS OF THE CONTRCL SURFACES OF
A”MY PROJ"GT MX~511 IN ATTITUDWS SINUIATING SPINS

By H. Page Hoggard, .J'r. and John R,. Hagerman

SUMMARY

Tests of O.l4-scale models of the partial-span wing.and
the 1solated tall of the Bell XP~83 alrplane (Army Project
MX-511) have been made in the Langley 4-by 6-foot tunnel to
determine the asrodynamic ¢haracteristics 1in attitudes
simuleting spin conditions. . The tests were made at,a Mach
number of about-0.085.

The slope of the curve of 'alleron hinge moment agealnst
angle of attack increases negatively as the angle of attack of
the wing 1s increased. At the hlgher angles of attack the
slope of the curve of allercn hinge moment against alleron de-
flection is more negative for small aileron deflections even
though .the aileron hinge-moment increment from 25° to -25°

-alleroun deflections 1s mractlecally constant over the angle-of-
attazlk range. The date presented Indlcate that 1n spin
attlcudes the yawing moment produced by the alleron is practi-
"caAlly as much as the rclling moment.

The olevator hinge-moment increment from 25° to -25°
elevator deflectlons is practically constant over the angle-
of- attack range and the slope of the curve of elevator hings
moment against angle of attack lncresases negatlively as the
angle of attack of the horizontal tail 1ls Increased. The .
elevator hinge-moment and lift-curve slopes of the lsolated-
tall model show close agreement wlith those of the complete
model.

As the angle of attack ls increased the drag produced by
elevator deflectlon increases while the 1ift produced by
elevator defllectlon decreases. The elevator deflection has
large effects on rudder hinge moments at ag = 20.5° gand

angle of yaw and rudder deflection of like signs. No con-

"" slstent effect of elevator deflection on rudder hinge moment

is shown at a, = 50, 4°, except that negative elevator defled-
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tions usually gave the largest rudder hinge moments for the
yawed conditions.

In view of the results of spin tests of a model of the
Bell XP-83 airplane (Army Project MX~511) conducted in the
Langley 20-foot free-spinning tunnel, it was deemed necessary
to detormine the hingeo-moment characteristiecs of the control
surfaces of the O.l4-scale model of the Bell XP-83 elrplane
in attitudes simulating spins.

In order to obtain the necessary control-surface hinge-
moment data, O.l4-scele models of the left wing panel and
of the isolated tall unit were tested in the Langley 4- by
6-foot tunnel. The hlnge-moment data obtained are presented
herein, along with the 1ift and drag data obtalned from the
same tests. It 1s planned to use thc data presented herein
in the estimatlon of stick and pedal forces durlng the steady
spin and for spin recovery. (Complete ranges of alleron,
elevator, and rudder deflcctlon over wlde ranges of angle of
attack and yaw simulating spin conditions were investigated.

COEFFICIENTS AND SVMBOLS

The results of the tests are pres=nted as standard non-
dimensional TTACA coelllclents of forces and moments as follows:

CL uncorrccted 11ft coefficlent of test panel( Lu
u "
qow
ch corrected 11ft coeffliclent of test panel Ly )
. qsw
cI;t horizontal tall 1ift coefficlent | LUt
QS¢
GD uncorrected drag coefficlent of test pane Dy
u qsw
ch corrected drag coefficlent of test panel ( Dy )
ASwy

horizontsl tall drag coefrficlent Dy
t
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whe re

roliing-mbmﬂnt coefficlent of. comnlete wing )
, QS'b'

yawing-moment coefficient of complcte wing (._EL_;)
.~ - e . . B ) qsrb.

alleron hinge-moment coefflcient ( Hg
qbaaaz

left elevator hinge-moment coefflclent Hol

qbelaez.

L}

Hy

rudder hinge-moment coefficlent

qbfar

uncorrected 11t force on test pansl
corrected 1l1lft force on tost panel
11ft force on horlzontal tail
uncorrectzad drag force on test panel
corrected drag force on test panel
drag force on tall

rolling moment about the wind axis, positive when
it tends to rais® the left wing tip (ft-1b)

yawing moment about the wind axis, positive when
it tends to advance the left wing tip (ft-1b)

aileron moment about thc aileron hinge- axis, positive
when it tends to depress the alleron tralling
edgo (ft-1b) )

left elevator moment about thes elevator hinge axis,
posltive when 1t tends to depress the elovator
trailing edge (ft-Ib)

rudder moment sbout the rudder hinge axis, positive
when 1t tends to defleet the ruddor tralling edge
to the left. (f£t-1b)
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. L i Py
q B dynemic pressure (1lb/sq ft)( eV '
p

mass dehsity of air (slugs/cu ft)

v airgpecd (ft/sec)

W ares of partiasl-span wing (sq ft)

S¢ aree of horizontal tail (sq ft)

s;= areca of wing on complete model (sgq ft)

bt span of wing on complete model (ft)

b, +  gpan of elleron along hinge axis (ft)

ca root-msan-square chord of alleron behind hinge
axls (ft)

bgaq span of left slevator along hinge axis (rft)

o root-mean-square chcrd of elevator behind hinge
axls (ft)

by, spen of ruddor along hinge axls (ft)

Er root-mean-square chord of rudder behind hinge
axls (1t)

and

Ow angle of attock of test panel, referred to chord
line &t station 26.5& (degrees) (see fig. 1)

ag angle of atteck of tail unit, referrcd to reference
line of dummy fuselage (degrees) (see fig. 3)

Yt ang;le of yaw, angle between model plane of symmetry

' and relative wind (degrees)

8 alleron deflectlion wlth respect to wing chord line,

& positive with trailing edge down (degreces)

8¢ elevator deflection with respect to stabllizer
chord line, poslitive with trelling edge down
(degrees)

6n rudder deflectlon with respect to chord 1line of fin,

vroslitive with trailing edge deflected to left
(degrece)
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Ilsnlaa -5 =

angle of chord plane of stabillzeér relative to
reference line of- fuselage (=23,66")

onae-half of the increment of uﬁoorrected 11ft coef-
flclent caused by deflection of the alleron on
the model as tested (see note on page 6)

one-half of the increment of uncorrected drag coef~
floclent caused by deflection of the alleron on.
the model as tested (aee note on page 6 ) '

increment of taill 1i1ft coefficlent for a given
elevator deflectlon

increment of hinge-moment coefficlent for a gliven
surface deflection (with subscripts a, el, and r
to denote aileron, left elevator, and rudder,
respectively)

where the subscripts outside the
parentheses Indlcate the factors
g held constant during measurement
. of the parameters
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= [¥ng,
chﬁe . (3—5;—)%

ESE change in pitching-momerit coefficient of complete

d1y ‘-model of the airplane per degree change in
stabllizer setting

change in piltching-moment coefficient of complete
0bg model of the elrplane per degree change i1n cle-
vator deflection

Yote: Becaued the model of the wing panel was tested as &
T reflection-plane moedel, the deflection of one aileron will
have the same acrodynemic effest on the modsl as the de-
flection of two allerons in the same direction on a complete
wing of the same plan form as the model plus its image.
All increments of forces causcd by alleron deflection are
thereforc twice thos: tnat would be obtened by deflccting
only one alleron. This fact is noted on figures 7 and 8.

VINDELS ANMD APPARATUS

The model of the partlal-span left wing was compcsed of
th¢ tip and ail.ron assembly supnlled by thc Bell Aircraft
Cornoration for ths Investigatlon of the stability and control
characterlistics. A drawing of the model 18 ovrosented in figure
1. The panel, from station O to the inboard &nd of the aileronm,
was mede at the Langlcy Laboratory from templots sunplied with
the modcl, and was attached to the tip with steel straps. The
complete modal wing has & goemctric twist of -2-1/49. The .
partial-span model, for construction simpliclity, was built
with 0° twist between statlons O and 17. g (inboard end of
alleron). This deviatlon in construction should have a negli-
£lble offect on th3 aileron characteristics above the stall,
The alleron gap was sesled. Alleron hinge moments were read
by means of an electrical strain gage. The location of the
model in the Langley L= by 6-foot wind tunnel is shown in
flgure 2. The geomstric characteristlcs of the wing panel
and alleron are present-d in taonle I. )

The model of the lsolated tall unit was compossd of tha
complete tall assembly supplied by the Bell Alrcraft Corpo-
ration. The extended-span flat-slided rudder was uscd. A
dumny fuselage, or falring, was added by the Lengley Labo-
ratory, as shown in fligurc 3, to simulate a portlon of the
actual fuselage. The elevator and rudder gaps were not sealed.
Elevator hinge moments were measured wlth an electrical strain
gage on the left clevator only. Rudder hingoc moments were also
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read by wmeans of an olectrical strain gage. The position of
the model in the Bangley L~ by 6-foot ¥ind tunnel is 1llus-
trated in figure l. Thé etrut supyorting the fork and model
was covered by & streamline falring which was fastened to

the tunnel wall. Tho strut itself was mounted on the balance
system so thaf 1ift and arag forces-could be read... The angle
of attack of the model was changed by an sleetrical arive
from outalds tge Qunngl; the system was. designed to give

a range from 0 to 70° . The yaw tests were run by manually
turning the outer snd of ‘the support strut while choacking

the angle with an inclinomcter, A three-quarter topwview
photograph 1ls vwresintod In figfure 5. The geomstrlc charac-
teristlics of the horlzontsl and vertical talls are nresented
In tahle IZT. T ' : '

when the model of the tall was receivcd -from the
Langley 8-foot high-specd tumnel, it was found to have a
transitlion strip of No. 60 carborundum grains glusd to the
gtahllizer surface at the 0.17 chord statlion over the entire
stanilizer span. The transition strip was not removed since
1t probably would havc 1little , if any, effcet at the ettitudes
boelng Invostigated.

TuLSTS AYD RESULTS

Test conditlons.- The tests of ithe partial-span left
wing panel were made in the Ianglcy L- by 6-foot tunnel at a
dymramlc pressur< of 13 pounds per square foot for angles of
ettack up to 35°, and at 10 pounds per square foot fcr angles
of attack from 30° to 67°. The valucs of q of 13 end 10
pounds per square foot correspond to tost Ruynolds numbers
of about 700,000 and 610,000, respectively, based on the
average chord, for the wing panel tested, of 1.04 feet. BRe-
cause of the turbulence factor of 1.93 for the 4- by 6-foot

tunnel, the effective Reynolds numbers are 1,350,000 and
1,178,000, respectively.

The tests of the 'isolated tall were also:made in the
Langley 4~ by 6-foot tunnel at a dynamic pressure of 13 pounds
per square foot, which corresnonds to a Mach number of sbout
0.095. Tests wererun through a yaw range from -35° to 350 at
cogstant aggles of attack of the fuselage reference line of
20 and 50° with elevators and rudder at various deflections
simuleting thelr probable positiocns in a spin. The control
surface tabs were neutral for all tests. Pitch-tests were also
run through an angle-of-attack range of 0° to 70°, with the
elevator set at various deflections, and the rudder set at 0°
for all tests. The horizontal-tail incldence was -2.66° with
respect to the fuselage reference line for all tests. The
test Reynolds number, based on the average chord of the
horizontal tall of 0.563 feet, and a dynemlc pressure of 13
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pounds per square foot, 1s 370,000, and the effectlve Reynolds
numbeyr 1is 714,000, -

A dummy tail block (wlth tall surfaces removed) supplled
by the Rell Adrcraft Corporstion was attached to the durmy
fuselapme, or felring, end tested through a yaw renge of
-35° to 10° at constant angles of attack of the fuselege
roeference line of 200 and 500 . Also a pitch test was run
through an angle-of-attack renge of 0° to 70° at zero yaw.

Corrections.~ The -data on the partiel-spen wing heve been
corrocted, by the methed described in raference 1, for the
Influence of jJot boundaries. The Jet-boundary corroctions for
the particl-span wing wecre epnlied as follows:

Aay = 1.193 Cp,

ACy = -0.020 Cr,
AGp, = 0.0158 or, 2
Ao, = 0.00513 Of

These correctlons were added to the partiel-span wing test
values.

The rolling and yowing moments "for the deflcction of
one rlleron on the wing of the complete modcl alrplane were
estlmated by use of th. followlng equations:

C; = .0.2265 AGLén
and

= -0.28 ACp. + 0.003 [¢ o AGy !
On & Dsq ( Lu) 8g= 0° cLba

If it 1s deslired to convert the data of figures 7 and 8
to the plan form of the comnlete alrplane, the increments of
11ft and dreg ceuscd by alleron deflection should be dlvided
by 2, and all angles of atteck should be corrccted by adding- -
the increment ' v

A =-OIOOC [
ay = -0.L00 op ,

The data for the isolated tall have -boen corrected for
the 1nfluence of the Jet bounderlies. The Jet-boundery
correction was applied as follows: .

Aay = 0.9109 Cp,
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This corrsctlon was added to the test vulues. The correction
to the.1lnduced drag caused by the jet boundaries was found to
be negligible. The 1ift and drag date for the tall surfaces
alone were obtalned by subtracting the values, for the dummy
fusélaofe 'alone (fdgs. 15 and 16) from the values obtained
from tests of the dummy fuselage with tall surfaces. ~Thus,
the 1ift and dreg characteristics presented for the tall
surfeces stlll include the fuselege-tall interference, but not
the direct fuselege forces. The pressure difference between
the inside of the strut lfairing and the atmosphere outside
the tunnel necessltated a correction to the 1lift data which was
obtained by ealibraticn. The correctlons to the hinge moments
of the rudder and elevator were found negliglble and were not
applied. '

Toest procedure.~ The C.,l4-scale partianl-span wing model
was mounted 1& the tunnel (fig., 2) with station O adjacent
to the tunnel wall, which thereby acted £s a reflectlion plane.
The model was supported entlrely by the balance freme wlth a
small clesrcnce et the tunnel wall so thet all forces-and
moments acting on thoe model could be measured. Since the
0 statlon of the wing 1s not on the centsr line of the air-
plens, the 1lift ond dreg presented hereiln are for two ailerons
deflected In the same direction on a wing of aspect ratio
5.89 having an erea of 6.20 square feet, including the reflec-
tion image, Instead of for one aileron on the complete model
whlich has a wing of aspect ratlo 6.52 with an area of 8.45
square feet. This dlfference in aspect retio is thought to
have a negligihle effect on the aileron hinre moment, par-
ticularly at high angles of attack.

The electric angle-of-attack drive 1ls designed to gilve
a range of approximately 409 FPor this reason 1t was necea-
sary to run the tests from 0° to 35° for all alleron defléc-
tlons, and then to reneat the tosts for some alleron deflec-
tions wlith the angle-of-attack range shifted to glve 30C to 679,
The accuracy of resetting the deflections i1s indicated by the
double points on the curves at ay =30° end 35° in figures 6,
7, and 8. The tests were run at constant alleron deflectlons,
except for a slight straln-gege deflection, in 2° increments
of angle of attack through the stall, and then 1n 5° increments

up to 659, the last step bolng 2° to reach 672 The aileron
deflection range .was [rom neutral to ¥25° in 5° increments.

The yaw. tests for aonstant elevator deflections of -256°
end 25° were run in 5° increments of yaw from 0° to +35° ang
from 0° o -35° while holdlng angle of attack and rudder de=-
flections constent. The yaw tests run at a constant elevator
deflection of 15° were mnde in 5° steps from 0° to 10° and
from 0° to -25° while holding angle of attack and pudder

deflections constant. The control-surface deflections variad
slightly because of strgin-gage deflectlion. '
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DISCUSSION
. Partia;-Span'Wing Tests

The partlal-span wing data présented in thls paper are
being used In estimating stick forces (to be published)
on the allerons at high angles of attack simulating spin
condltions (flg. 6). Lift, drag, rolling-moment, and yawing-
moment characteristics are ekso presunted (figs. 7, &, 9, and
10, respoctively).

Alleron hinge moments.- The values of chaw and ch6 s 288
a

read over & small range of ay and 8, at low angles of attack

(fig. 6), are -0.0015 and -0.00%6, respectively. Values of
Ch(1 and Gh5 » as determined from tests of the complete
w a

model in the Lengley 7- by 10-foot wind tunnel (unpublished),
arec -0,0020 end -0.0040, respectlively. The close agrcement of
tho persmuter velues at low angles of atteck for* the complete
model wing and the nartlel-spen wing of slightly different
asnoct ratio indlcetes that the differences in aspect ratlo,
wind tumnel, end tost proccdurcs have little effect on the
hinge-moment paremetor v2lues for this particular cese.

The curves of flgure 6 Indlcato that the slope, Ghaw,

1s increased from -0.0015 et low angles of attack to about
-0.0070 at engles of ettack between 40° and 50° . The slope,
chb , for smell deflections 1s increesed from -0.0036 at

a

low anglcs of attack to sbout -0.0100 at high angles of attack.
The totsl Increment in G,  between deflectlons of 259,
a

however, 1s felrly constant for the whcle angle-of-attack
range.

Wing 1li1ft ond drag.- No plan-form corrections have béen
epplied to the IIft ang drag data In figures 7 and 8, which

therefore reprcsent the defloction of two elloerons in the
same direction on a wing of aspect ratio 5.69.

The slopse of the 11ft curvs, cLaw’ for the complete-model

wing with fuselage and canopy was found to be 0.072 when read
over a rangc of Ay = ¥6° (ynpublished). The slope of the 11ft

curve for fuselage and cenopy only 1s very low and therefore
the value above may be conslidercd as thet for the wing alone.
The partlael-span wing data geve a cL“w value of 0.067 and

application of the plan-form corrections glven previously
would Increese thls slope to about 0.069 which compares
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favorably with the complete-wing value of 0.072.

Alleron rolling and yawlng moments.-.By means of the

equatT‘hs glven prevliously, The uncorrected dete used to

¢ 'mpute the corrected data of flgures 7 nond 8 were also uscd
to compute the rolling- end yawilng-mcment 'coefficlents for
the deflection of one alleron on a wing of aspect ratlio 6,52,
for comparlson with the date from the completc model (un-
published). These rolling- and yawlng-moment coefflclents are
plotted 1n figures 9 and 10 against alleron doflectlon.

A comparison of the rolling-moment characteristics of
filgure 9 with date Irom the complete model Indlcated fair
egreement. Tho agreemont shown is thought to be fairly good
consldering the mathematlcal manipulations Involvsd in comput-
Ing rclling-moment coefficlcecnts from the 11ft data of the
present partlel-span toasts,

A simllar estimatlon ond comparison was made for the
yawing-moment characteriatlics resulting from aileron deoflec-
tlon on tho complste moéol (fig. 1C), The agrecemsont is
falrly ggood for nogative clleoron deflecctions, but not for
positive deflections. A lack of ~greement might bc expected
beceusce of the smell ilncrements of drcg end tho difflculty
of doetermining the correct spanwlse lever arm at which-.this
small Increment of dreg may be conslidered to act.

Althourh tho computed rolling snd yewlng moments cnnno
be consldered very sccurste, the data indicate thnt in spid
attitudes the yewlng moment produced by the allcron is as
much as or morc then the rolling moment produced.

Tsolated Tall Tests

The 1solated to2ll hinge-momsnt dsta presented 1in this-
peper (figs. 11 and.12) were obtalned for use In estimeting
stick and pedal forces (to be published) at angles of attack
end yaw simulating spin attitudes. Lift end drag character-
'isgigs were slso obtained snd are presented in figures 13
an 4, .

Elevator hinge moments.- TFrom tests of the completc model
(unpubllshed), tThe value of Gha is approximetely 0.0020,
t

and Achel was focund to be approximately -0.028 for 10° elevator

deflection. The velues taksn from the present data in the
unstelled condition (fig. 1ll) were cha = 0.0020 and
t

Ache = -0.030 for 8 =15°, For the nreseﬂt tests transition
1

was lxed whlle fcr the complete-modsl tests 1t was free,
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The curves for 8y = 0°.and -ésd, in figure 11, appéar
to fall together in the stalled renge-between-at = 24° agna
32°, fThe value of-Gﬁat at 65==0°'changéd from 0.0020 at
ag = 0" to about -0.0120 at @¢= 50°, The elevator hinge-

momént increment resulting from changing the deflection of
the elevator from -25° to 25° increased between ai= 0° and

.15 , decreased from 15° to about 30° ai, and then lncreased
egaln until at at = 60° the increment was ebout equal to that
at at = 0°, .

| Eor yaw tests at constant a; (fig.12) the laft elevator

hinge-moment curves generally have a negative slope with angle
of yaw. Thils slope becomes fairly steep for negative angles
of yaw with at = 50.4°, The negative slope of Chg; 8Eainst

Uy may be caused by the dlhedral angle of the horizontal °
tail, vhich, at positive angles of yaw, glves the left hori-
zontel tall a positlve lncrement of ai; and, since cha
t
1s generally negative, the positive increment of a; causes

a regative lncrement of chet'

Changing rudder deflection from minus to plus generally
increased the negative value of °hez for all the valuee of

Vg, ag, and 8 tested.
Rudder hinge moments.- At a; = 20.5° (fig. 12) the

rudder hinge-moment curves generally have a negative slope
with angle of yaw. With angle of yaw and rudder deflection
of opposite sizn, the elevator deflection has practically
no effect on rudder hinge moments at a = 20.5° for large
angles of yaw. With like signs for Y and 8, the elevator

deflection has a large effect on rudder hinge moments. A
negative increment in 8y generally produces a positive

increment 1n chr for negative values of 8§, and a negative
increment in Cp  for positive values of &,. With ap = 50.4°

no consistent effsct of clevator deflection on rudder hinge
moments



MR No. L5Dl2a - 13 -

is shown, ‘except that negative slevator deflections usually
result in slightly larger rudder hinge moments at high angles
of yaw. No-date are available for comparison of the rudder
hinge-moment. characteristics in yaw presented here with those
of the rudder on"the ‘complete model,- bscause the complete
model data were obtained at angles of attack below the stall.

The curves, 1n.gsneral, show the large effoct of the
deflection of one cantrol surface on the hinge moments of
the other, especially the large effect of olevator deflection
on rudder hinge moment. )

Tail 1ift and drag.~ The 11ft and drag data are presented
for the tall surfaces (including fusslage-tail 1nterference)
in fipures 1% and 1.,

The slope of the unstalled (ut = 0° to 10°) 11ft curve

with elovator neutral wes found to be 0.056 from thc data
shown in ficure 1%. An equal value of CL was obtalned

" by calculstién from the valve m = -0, 02&3 obtecined in
: Ce ' o1

the complcte model teste (assuming the q ratio at the tail
equal to one). T%gmcomplete model tests of reference 2
gave a value of = -0.0155 Which by the msthod of

854
calculation discussed above glves 6th = 0.036. From the
65

present data, the value of ACLt for an elevator deflection
of 15° 15 0.45, which if the variation is assumed linear

would give °°Lt = 0.030.
EYN

From flgure 13 the decreasing effect of elevator deflec-
tion on tall 1lift with increased angle of attack is obvious.
The drag increment caused by eclevator deflectlions, however,
appears to lncrease with angle of attack.

The 1ift effectivcness of the elevator, cL5 ’ 1ncreases
with angle of yaw when ay = = 20.5°, while with ai = 50 ho
the 1ift effectiveness decreases with angle of yaw (fig. ;)

Rudder deflection had comparatively little effect on the
value of th
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The drag at high angles of yaw and gy = 20.5° depends

on both elevatoé_gnd rudder deflécﬁionﬁ, éﬂa'is smallest
when both surfaces are deflected more nearly varallcl to’ the
relative wind. With a, = 50.4° the same tendency for lower

drag with the surfaces deflected parallel to the relativ

wind exists, but 18 of smaller magnitude. At GP = 29.5g
the drag, with surfaces at any combination of deflsctions,

increased with engle of yaw, while at a; = 50.4° the drag

remained nearly constant or decresased wlth angle of yaw.

Fuselage 1lift and drag.-~ The 1lift and drag charsacter-
istiecs of the dumny fusclare wlthout the tall surfaces ars
presented in figures 15 cnd 16. It 18 to be noted that the
interference effect of the strut and fork ares includcd in
thesc values.

The curve of 11ft egainst angle of attack In figure 15
shows the usual low slope value for a plain lsolated fuselage,
The drag curves in figures 15 and 16 show the usual increassc
in drag with both onglo of atteck and -yaw. '

COrCLUST ONS

From tho results of tost of 0.1llj-scale models of the
Bell XP-83 control surfaces in the Langley L~ by 6-foot
tunnel et attitudes slmuletling spin condlitiona, the following
conclusions may be drawn:

l, The slope of the ocurve of alleron hings moment
egainst angle of attack 1lnereasos nogatively es tho cngle of
attack of the wing 1s increascd. The ailleron hinge-moment
increment from 25° to -25° aileron deflcctions 1s practically
constant over the angle-of-attack range even thouzh thc slope
of the curve of allcron hinge moment ezalnst ailesron deflection
18 more negetive for emall alleron deflections at the blgher
angles of attack,

2. The data presented indicate that the aileron pro-
duces prectically as much yawing moment as rolling moment
when in s»in attitudes,

3. The slope of the curve of elevator hingo moment
agiinst angle of attack lncreascs negatlively as the angle
of attack of the horizontcl tall is inecreased. The elevator
hinge-moment inerement from 25° to -25° elsvator deflcctions
1s nractically constant over the angle-of-attack range tested.

i, The lift-curve slope and the elevator hinge-moment

slopes for the 1solatod-tail model and the complote model
show closo agrecment.
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5. Tho data precsented indicate that the drag produced
by-elevator deflection increascs as the anglo of attack 1s

-increased while the 11ft produced by clevatér deflection
decreases.,

6. At a; = 20.5°, and angle of yaw and rudder deflection
of 1luc signs, the olcvator deflection has large effects on
rudder hinge moments. At = 50.4° no consistent offecct of
clovator deflection on rudder hinge moment 18 shown, excopt
that negative elevator deflections usually gave thc largest
rudder hinge monsnts for the yawed conditions.

Langloy Momorial Aeronautical Laboratory
National Advisory Committoe for Aeronautiaes
Lancloy Fleld, Va.
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TABLE I

. GEOMETRTC CHARACTERISTICS OF WING AND AILERON.OF

0.14-SCALE MODEL OF THE PELL XP-83 AIRPLANE

Complete Partial1
span. span,
Area (partiel spen = model - -
.erves + imege area), sq ft 3.45 6.20
Aversge chord, ft 1.14 1.04
Span (partial span + image),ft 7.42 5,95
Aspect ratio (partial span. .
+ image) 6,82 5,69
| Taper ratio 2.6:1 | 2.6:1
Single aileron ares, sq It . 2.15 2.15
'single aileron span (along
hinge axis), ft 1.453 1.453
Aileron root-mean-square -
chord, ft 207 207
Aileron balance area, sq ft. .. .69 .69
ratio of aileron balance area
to aileron area, percent 32.5 32.5
Allergn deflection range, deg | IR5 25
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TABLE II

GEOMETRIC CHARACTEPISTICS OF 0.14-SCALE MODELS OF THE
BELL XP-83.HORIZONTAL AND VERTICAL TAIL SURFACES

- " - -

Vertical tall:

Total area, SqQ ft cocecoccnssnsrsnacccsenes 0,932 -
Span, ft ouancnn.lnnn.un;-.-oooo-.o-oopQ'-- 1-191
Aspect ratio 9 A 0@ 855 8 0850 0P 9P C P VSO S PP EOS PEDS O DS 10523
Angle of offset, degrees ...icececsvesessee o

Rudder:

Area’ Sq ft ® 9 5 9 8 00 a0 80 00 0 EEFERR UGB EO PSS DO 0-274
Span’ ft e & o 5 @ 00 00 &S 0" P S OO OB OB & e S SO 0P E SR B 1.451
ROOt-mean-SquaI'e chord’ ft e s v s OV EBRRREDRNB TS 0-193
"Ratio of.balence area to rudder are2 ...... 0.435
Ratlo of rudder area to vertical tall area. 0.294
Average,chord, ft s.cereeecssccccsscscesaes 0.191
Maximum defléctlion, Aegrees .cicescscacscas 25

lHorizental tail:

Area, total’ sq ft ? ® & 68 00 508 e O 90900 s 0 1.470
Span, total, ft cecccececrecsessscssacccnnse 24610
Average chord, ft ccescecessssssssscsacssse 0.563
Aspect ratio S 0 0@ 0 00 5 00 g8 p " P OO T OO BPAES PP ODE OO B 4.650
Stabilizer dihedral, degrees .esceesccecscs 10

Elevator:

Percent elevetor bBlANCO,; sisesssamevsscsns 48
Area ‘aft of hinge (one elevetor), sq ft ... 0.195
Root-mean-square chord, ft ccesceesessecseees Q.165
Maximum deflection, degrees ..cssccccesnnsce 25
Span along hinge axls (one elevator), ft .. 1.300
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Figure 1 .- Details and dimensions of  0.14= scale mode/ ~ CMTIEE FR AMORNTICE
of the XP-83 airplane left wing panel as tested in the
Langley 4-by 6-foof wind tunnel.
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Figure 2 .— Location of partial-span whg in the
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Figure 3 .- D-ef:a.t'/s a.vnd. dimensions of O.14-scale model of
the XP-83 airplane tail unit tested in the Langley

4-by 6—foot wind tfunnel.
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Figure 4 .- Location of tar/l surfaces and
dummy fuselage in test section of the Langley
4-by 6-rfoot wind tunnal.



NAﬁé e VAL =

Figure 5.- Three-quarter top view of XP-83 tail surfaces with dummy
fuselage as tested in Langley 4~ by 6-foot tunnel. Model at positive
angle of yaw and at high angle of attack, relative wind vertical in
plane of picture.
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